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Why the Higgs is light, 
Why it has SM couplings to 
gauge bosons and fermions, 
and where there are 
more Higgses to be found.
Current data from the LHC indicate that the 125 GeV 
Higgs boson, H, is either the single Higgs of the 
Standard Model or, to a good approximation, an 
“aligned Higgs”. We propose that H is the pseudo-
Goldstone dilaton of Gildener and Weinberg. We point 
out for the first time that this naturally and, as far as 
we know, uniquely accounts for its low mass and its 
alignment. It further implies the existence of additional 
Higgs bosons in the vicinity of 200–500 GeV. We 
illustrate our proposal in a two-Higgs-doublet model of 
Lee and Pilaftsis and discuss the model’s observational 
consequences at the LHC.
OOutline:

     The Gildener-Weinberg “scalon” mechanism 
       
     The Lee-Pilaftsis 2-Higgs doublet model and 
     Higgs mass calculations 
       
      Constraints from LEP and LHC, and 
      targets of opportunity at the LHC
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The 125 GeV Higgs discovered at the LHC is a puzzle: 
Its known couplings to EW gauge bosons and fermions 
are consistent with the SM at the 10-20% level. 
But is that all? Why is H so light — especially in the absence  
of a shred of evidence proposed to explain its low mass? 
Is naturalness a chimera?
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∙ If there are more Higgses, why are H’s couplings so SM-like? 
A common and attractive answer: Higgs alignment.
The 125 GeV Higgs discovered at the LHC is a puzzle: 
Its known couplings to EW gauge bosons and fermions 
are consistent with the SM at the 10-20% level. 
But is that all? Why is H so light — especially in the absence  
of a shred of evidence proposed to explain its low mass? 
Is naturalness a chimera?
The Gildener-Weinberg Mechanism 
for a Light, Aligned Higgs Boson
∙
∙ If there are more Higgses, why are H’s couplings so SM-like? 
A common and attractive answer: Higgs alignment.
How many of you know what Higgs alignment is?
Higgs alignment in an nHDM, e.g:
This H has the same couplings to EW gauge bosons 
and fermions as in the one-doublet SM!  
(H must be a  mass eigenstate, of course.)
Higgs Alignment:
Note: This aligned H has the same form as 
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Is Higgs alignment natural — 
free of large radiative corrections?
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from the radiative stability of the Higgs mass.
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no one seems to have addressed this question! 
∙
This might seem a separate “naturalness issue” 
from the radiative stability of the Higgs mass.
In fact, they are the same and this 
has gone unappreciated for decades!
Is Higgs alignment natural — 
free of large radiative corrections?
∙
With only 2 exceptions (Dev & Pilaftsis, Benakli et al.), 
no one seems to have addressed this question! 
E. Gildener and S. Weinberg,  
“Symmetry Breaking and Scalar Bosons” 
Phys. Rev. D13, 3333 (1976).
Generalize S. Coleman—E. Weinberg to arbitrary everything…∙





fijkl  i j k l, for real  i (SW
0s notation!)
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What underlying physics produces            ? 
I don’t know — and neither does anyone else. 
(See, e.g., Bardeen, Fermilab-Conf-95-391-T)
V0( )
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E. Gildener and S. Weinberg (GW),  
“Symmetry Breaking and Scalar Bosons” 
Phys. Rev. D13, 3333 (1976).
Generalize S. Coleman—E. Weinberg to arbitrary everything…




It preserves the classical scale-invariance and everything’s massless.  
Is there another, nontrivial minimum?
V0 has trivial minimum at   ⌘ 0





fijkl  i j k l, for real  i (SW
0s notation!)
<latexit sha1_base64="56dzGTZidJHEEYgr61T3Tf62KKo="></latexit><latexit sha1_base64="56dzGTZidJHEEYgr61T3Tf62KKo="></latexit><latexit sha1_base64="56dzGTZidJHEEYgr61T3Tf62KKo="></latexit><latexit sha1_base64="pkji8KGoRjBMqJDo+8EgK75rOEM=">AAAB7XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwf5AO5RMJtOGZpIhuVMoY1/ArW/gTnwiX8DnMP1Z2NYDgcM5Cffmi3MpLAbBt1fZ2z84PKoe+yc1//TsvF7rWF0YxttMS216MbVcCsXbKFDyXm44zWLJu/HkcdF3p9xYodULznIeZXSkRCoYRRe1hvVG0AyWIrsmXJsGrDWs/wwSzYqMK2SSWtsPgxyjkhoUTPK5Pygszymb0BHvO6toxm1ULteck2uXJCTVxh2FZJn+fVHSzNpZFrubGcWx3e4W4X9dv8D0PiqFygvkiq0GpYUkqMnizyQRhjOUM2coM8LtStiYGsrQkdmYEhdSj/Tcd1zCbQq7pnPbDINm+BxAFS7hCm4ghDt4gCdoQRsYJPAG796r9+F9rvhVvDXIC9iQ9/UL2o2Smw==</latexit><latexit sha1_base64="3UyydSR4ffcR1YwSQk4m4zqJUSs="></latexit><latexit sha1_base64="3UyydSR4ffcR1YwSQk4m4zqJUSs="></latexit><latexit sha1_base64="9Ppt7VnH1BLE60sNwII1W1hCaYA="></latexit><latexit sha1_base64="56dzGTZidJHEEYgr61T3Tf62KKo="></latexit><latexit sha1_base64="56dzGTZidJHEEYgr61T3Tf62KKo="></latexit><latexit sha1_base64="56dzGTZidJHEEYgr61T3Tf62KKo="></latexit><latexit sha1_base64="56dzGTZidJHEEYgr61T3Tf62KKo="></latexit><latexit sha1_base64="56dzGTZidJHEEYgr61T3Tf62KKo="></latexit><latexit sha1_base64="56dzGTZidJHEEYgr61T3Tf62KKo="></latexit>
∙
∙ GW do this by requiring min{V0(N)} = 0
on the unit sphere NiNi = 1.
<latexit sha1_base64="KzW8OuZpSYwSsA50t5RJcLp6rsg="></latexit><latexit sha1_base64="KzW8OuZpSYwSsA50t5RJcLp6rsg="></latexit><latexit sha1_base64="KzW8OuZpSYwSsA50t5RJcLp6rsg="></latexit><latexit sha1_base64="KzW8OuZpSYwSsA50t5RJcLp6rsg="></latexit>
GW supposed that V0 has a nontrivial
minimum on the ray  i = ni , whereX
i
n2i = 1,   = arbitrary mass scale.
<latexit sha1_base64="mKNLqUHq8aojl9gzvXq+JTzl448="></latexit><latexit sha1_base64="mKNLqUHq8aojl9gzvXq+JTzl448="></latexit><latexit sha1_base64="mKNLqUHq8aojl9gzvXq+JTzl448="></latexit><latexit sha1_base64="ppNyfkXvNwz7JGIy1TXeblUQ16I=">AAAB7XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwf5AO5RM5k4bmkmGJFMoY1/ArW/gTnwiX8DnMP1Z2NYDgY9zEu7NiXPBjQ2Cb6+yt39weFQ99k9q/unZeb3WMarQDNtMCaV7MTUouMS25VZgL9dIs1hgN548LvLuFLXhSr7YWY5RRkeSp5xR66zWsN4ImsFSZBfCNTRgrWH9Z5AoVmQoLRPUmH4Y5DYqqbacCZz7g8JgTtmEjrDvUNIMTVQu15yTa+ckJFXaHWnJ0v37oqSZMbMsdjczasdmO1uY/2X9wqb3UcllXliUbDUoLQSxiiz+TBKukVkxc0CZ5m5XwsZUU2ZdMxtT4kKokZr7rpdwu4Vd6Nw2Q8fPAVThEq7gBkK4gwd4gha0gUECb/DuvXof3ueqv4q3LvICNuR9/QLaj5Kb</latexit><latexit sha1_base64="S0hBQedg6s81b86N1/S001pjfzo="></latexit><latexit sha1_base64="S0hBQedg6s81b86N1/S001pjfzo="></latexit><latexit sha1_base64="T8CDajx/XiZZp3hSICYpjHRgag4="></latexit><latexit sha1_base64="mKNLqUHq8aojl9gzvXq+JTzl448="></latexit><latexit sha1_base64="mKNLqUHq8aojl9gzvXq+JTzl448="></latexit><latexit sha1_base64="mKNLqUHq8aojl9gzvXq+JTzl448="></latexit><latexit sha1_base64="mKNLqUHq8aojl9gzvXq+JTzl448="></latexit><latexit sha1_base64="mKNLqUHq8aojl9gzvXq+JTzl448="></latexit><latexit sha1_base64="mKNLqUHq8aojl9gzvXq+JTzl448="></latexit>
∙
∙
(It’s technical. Don’t ask!)
GW do this by requiring min{V0(N)} = 0
on the unit sphere NiNi = 1.
<latexit sha1_base64="KzW8OuZpSYwSsA50t5RJcLp6rsg="></latexit><latexit sha1_base64="KzW8OuZpSYwSsA50t5RJcLp6rsg="></latexit><latexit sha1_base64="KzW8OuZpSYwSsA50t5RJcLp6rsg="></latexit><latexit sha1_base64="KzW8OuZpSYwSsA50t5RJcLp6rsg="></latexit>
GW supposed that V0 has a nontrivial
minimum on the ray  i = ni , whereX
i
n2i = 1,   = arbitrary mass scale.
<latexit sha1_base64="mKNLqUHq8aojl9gzvXq+JTzl448="></latexit><latexit sha1_base64="mKNLqUHq8aojl9gzvXq+JTzl448="></latexit><latexit sha1_base64="mKNLqUHq8aojl9gzvXq+JTzl448="></latexit><latexit sha1_base64="ppNyfkXvNwz7JGIy1TXeblUQ16I=">AAAB7XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwf5AO5RM5k4bmkmGJFMoY1/ArW/gTnwiX8DnMP1Z2NYDgY9zEu7NiXPBjQ2Cb6+yt39weFQ99k9q/unZeb3WMarQDNtMCaV7MTUouMS25VZgL9dIs1hgN548LvLuFLXhSr7YWY5RRkeSp5xR66zWsN4ImsFSZBfCNTRgrWH9Z5AoVmQoLRPUmH4Y5DYqqbacCZz7g8JgTtmEjrDvUNIMTVQu15yTa+ckJFXaHWnJ0v37oqSZMbMsdjczasdmO1uY/2X9wqb3UcllXliUbDUoLQSxiiz+TBKukVkxc0CZ5m5XwsZUU2ZdMxtT4kKokZr7rpdwu4Vd6Nw2Q8fPAVThEq7gBkK4gwd4gha0gUECb/DuvXof3ueqv4q3LvICNuR9/QLaj5Kb</latexit><latexit sha1_base64="S0hBQedg6s81b86N1/S001pjfzo="></latexit><latexit sha1_base64="S0hBQedg6s81b86N1/S001pjfzo="></latexit><latexit sha1_base64="T8CDajx/XiZZp3hSICYpjHRgag4="></latexit><latexit sha1_base64="mKNLqUHq8aojl9gzvXq+JTzl448="></latexit><latexit sha1_base64="mKNLqUHq8aojl9gzvXq+JTzl448="></latexit><latexit sha1_base64="mKNLqUHq8aojl9gzvXq+JTzl448="></latexit><latexit sha1_base64="mKNLqUHq8aojl9gzvXq+JTzl448="></latexit><latexit sha1_base64="mKNLqUHq8aojl9gzvXq+JTzl448="></latexit><latexit sha1_base64="mKNLqUHq8aojl9gzvXq+JTzl448="></latexit>
∙
∙
∙ GW do this by requiring min{V0(N)} = 0
on the unit sphere NiNi = 1.
<latexit sha1_base64="KzW8OuZpSYwSsA50t5RJcLp6rsg="></latexit><latexit sha1_base64="KzW8OuZpSYwSsA50t5RJcLp6rsg="></latexit><latexit sha1_base64="KzW8OuZpSYwSsA50t5RJcLp6rsg="></latexit><latexit sha1_base64="KzW8OuZpSYwSsA50t5RJcLp6rsg="></latexit>
If this minimum is attained for
a specific unit vector Ni = ni, then
V0( ) has this minimum value






<latexit sha1_base64="iSvIHWAP7/inr7p5GMhxxPj6rtk="></latexit><latexit sha1_base64="iSvIHWAP7/inr7p5GMhxxPj6rtk="></latexit><latexit sha1_base64="iSvIHWAP7/inr7p5GMhxxPj6rtk="></latexit><latexit sha1_base64="iSvIHWAP7/inr7p5GMhxxPj6rtk="></latexit>
GW supposed that V0 has a nontrivial
minimum on the ray  i = ni , whereX
i
n2i = 1,   = arbitrary mass scale.
<latexit sha1_base64="mKNLqUHq8aojl9gzvXq+JTzl448="></latexit><latexit sha1_base64="mKNLqUHq8aojl9gzvXq+JTzl448="></latexit><latexit sha1_base64="mKNLqUHq8aojl9gzvXq+JTzl448="></latexit><latexit sha1_base64="ppNyfkXvNwz7JGIy1TXeblUQ16I=">AAAB7XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwf5AO5RM5k4bmkmGJFMoY1/ArW/gTnwiX8DnMP1Z2NYDgY9zEu7NiXPBjQ2Cb6+yt39weFQ99k9q/unZeb3WMarQDNtMCaV7MTUouMS25VZgL9dIs1hgN548LvLuFLXhSr7YWY5RRkeSp5xR66zWsN4ImsFSZBfCNTRgrWH9Z5AoVmQoLRPUmH4Y5DYqqbacCZz7g8JgTtmEjrDvUNIMTVQu15yTa+ckJFXaHWnJ0v37oqSZMbMsdjczasdmO1uY/2X9wqb3UcllXliUbDUoLQSxiiz+TBKukVkxc0CZ5m5XwsZUU2ZdMxtT4kKokZr7rpdwu4Vd6Nw2Q8fPAVThEq7gBkK4gwd4gha0gUECb/DuvXof3ueqv4q3LvICNuR9/QLaj5Kb</latexit><latexit sha1_base64="S0hBQedg6s81b86N1/S001pjfzo="></latexit><latexit sha1_base64="S0hBQedg6s81b86N1/S001pjfzo="></latexit><latexit sha1_base64="T8CDajx/XiZZp3hSICYpjHRgag4="></latexit><latexit sha1_base64="mKNLqUHq8aojl9gzvXq+JTzl448="></latexit><latexit sha1_base64="mKNLqUHq8aojl9gzvXq+JTzl448="></latexit><latexit sha1_base64="mKNLqUHq8aojl9gzvXq+JTzl448="></latexit><latexit sha1_base64="mKNLqUHq8aojl9gzvXq+JTzl448="></latexit><latexit sha1_base64="mKNLqUHq8aojl9gzvXq+JTzl448="></latexit><latexit sha1_base64="mKNLqUHq8aojl9gzvXq+JTzl448="></latexit>












must be positive semi   definite.










fijkl nknlnj  = 0
<latexit sha1_base64="/N1euc27xOgWMH2Ns7EhlmH/GBA="></latexit><latexit sha1_base64="/N1euc27xOgWMH2Ns7EhlmH/GBA="></latexit><latexit sha1_base64="/N1euc27xOgWMH2Ns7EhlmH/GBA="></latexit><latexit sha1_base64="/N1euc27xOgWMH2Ns7EhlmH/GBA="></latexit>
V0
<latexit sha1_base64="7P+mTjGZ7GDAq1Qi/2KyA0LdORs="></latexit><latexit sha1_base64="7P+mTjGZ7GDAq1Qi/2KyA0LdORs="></latexit><latexit sha1_base64="7P+mTjGZ7GDAq1Qi/2KyA0LdORs="></latexit><latexit sha1_base64="7P+mTjGZ7GDAq1Qi/2KyA0LdORs="></latexit>
 n = n 
<latexit sha1_base64="VPOYh9PgYYvrviYiaXvwmh7w0hk="></latexit><latexit sha1_base64="VPOYh9PgYYvrviYiaXvwmh7w0hk="></latexit><latexit sha1_base64="VPOYh9PgYYvrviYiaXvwmh7w0hk="></latexit><latexit sha1_base64="VPOYh9PgYYvrviYiaXvwmh7w0hk="></latexit>
 n
<latexit sha1_base64="TwF23Wb+Zr9pCx/gUwBvNP/q6Ik="></latexit><latexit sha1_base64="TwF23Wb+Zr9pCx/gUwBvNP/q6Ik="></latexit><latexit sha1_base64="TwF23Wb+Zr9pCx/gUwBvNP/q6Ik="></latexit><latexit sha1_base64="pkji8KGoRjBMqJDo+8EgK75rOEM=">AAAB7XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwf5AO5RMJtOGZpIhuVMoY1/ArW/gTnwiX8DnMP1Z2NYDgcM5Cffmi3MpLAbBt1fZ2z84PKoe+yc1//TsvF7rWF0YxttMS216MbVcCsXbKFDyXm44zWLJu/HkcdF3p9xYodULznIeZXSkRCoYRRe1hvVG0AyWIrsmXJsGrDWs/wwSzYqMK2SSWtsPgxyjkhoUTPK5Pygszymb0BHvO6toxm1ULteck2uXJCTVxh2FZJn+fVHSzNpZFrubGcWx3e4W4X9dv8D0PiqFygvkiq0GpYUkqMnizyQRhjOUM2coM8LtStiYGsrQkdmYEhdSj/Tcd1zCbQq7pnPbDINm+BxAFS7hCm4ghDt4gCdoQRsYJPAG796r9+F9rvhVvDXIC9iQ9/UL2o2Smw==</latexit><latexit sha1_base64="eiwNHHI9vaPrW608hEDJJ6Ggbqk="></latexit><latexit sha1_base64="eiwNHHI9vaPrW608hEDJJ6Ggbqk="></latexit><latexit sha1_base64="cE0HI6585M2bHVFj3QZCykrEfMA="></latexit><latexit sha1_base64="TwF23Wb+Zr9pCx/gUwBvNP/q6Ik="></latexit><latexit sha1_base64="TwF23Wb+Zr9pCx/gUwBvNP/q6Ik="></latexit><latexit sha1_base64="TwF23Wb+Zr9pCx/gUwBvNP/q6Ik="></latexit><latexit sha1_base64="TwF23Wb+Zr9pCx/gUwBvNP/q6Ik="></latexit><latexit sha1_base64="TwF23Wb+Zr9pCx/gUwBvNP/q6Ik="></latexit><latexit sha1_base64="TwF23Wb+Zr9pCx/gUwBvNP/q6Ik="></latexit>
Now comes the punchline: 
W±L , ZL
<latexit sha1_base64="9cuQ964IrLAX5eM/AaY94OZh/kk="></latexit><latexit sha1_base64="9cuQ964IrLAX5eM/AaY94OZh/kk="></latexit><latexit sha1_base64="9cuQ964IrLAX5eM/AaY94OZh/kk="></latexit><latexit sha1_base64="9cuQ964IrLAX5eM/AaY94OZh/kk="></latexit>
“M2” /  2
<latexit sha1_base64="1UUfcD0ZVRm21Obvl6GL4lOpOyk="></latexit><latexit sha1_base64="1UUfcD0ZVRm21Obvl6GL4lOpOyk="></latexit><latexit sha1_base64="1UUfcD0ZVRm21Obvl6GL4lOpOyk="></latexit><latexit sha1_base64="1UUfcD0ZVRm21Obvl6GL4lOpOyk="></latexit>
The combination                    is an eigenvector of P with 
eigenvalue zero:  
i.e.,     has spontaneously broken scale invariance with a  
flat minimum at                and      is a massless (Goldstone) 
dilaton.
Other scalars acquire                    or, if zero, must be absorbed 









fijkl nknlnj  = 0
<latexit sha1_base64="/N1euc27xOgWMH2Ns7EhlmH/GBA="></latexit><latexit sha1_base64="/N1euc27xOgWMH2Ns7EhlmH/GBA="></latexit><latexit sha1_base64="/N1euc27xOgWMH2Ns7EhlmH/GBA="></latexit><latexit sha1_base64="/N1euc27xOgWMH2Ns7EhlmH/GBA="></latexit>
V0
<latexit sha1_base64="7P+mTjGZ7GDAq1Qi/2KyA0LdORs="></latexit><latexit sha1_base64="7P+mTjGZ7GDAq1Qi/2KyA0LdORs="></latexit><latexit sha1_base64="7P+mTjGZ7GDAq1Qi/2KyA0LdORs="></latexit><latexit sha1_base64="7P+mTjGZ7GDAq1Qi/2KyA0LdORs="></latexit>
 n = n 
<latexit sha1_base64="VPOYh9PgYYvrviYiaXvwmh7w0hk="></latexit><latexit sha1_base64="VPOYh9PgYYvrviYiaXvwmh7w0hk="></latexit><latexit sha1_base64="VPOYh9PgYYvrviYiaXvwmh7w0hk="></latexit><latexit sha1_base64="VPOYh9PgYYvrviYiaXvwmh7w0hk="></latexit>
 n
<latexit sha1_base64="TwF23Wb+Zr9pCx/gUwBvNP/q6Ik="></latexit><latexit sha1_base64="TwF23Wb+Zr9pCx/gUwBvNP/q6Ik="></latexit><latexit sha1_base64="TwF23Wb+Zr9pCx/gUwBvNP/q6Ik="></latexit><latexit sha1_base64="pkji8KGoRjBMqJDo+8EgK75rOEM=">AAAB7XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwf5AO5RMJtOGZpIhuVMoY1/ArW/gTnwiX8DnMP1Z2NYDgcM5Cffmi3MpLAbBt1fZ2z84PKoe+yc1//TsvF7rWF0YxttMS216MbVcCsXbKFDyXm44zWLJu/HkcdF3p9xYodULznIeZXSkRCoYRRe1hvVG0AyWIrsmXJsGrDWs/wwSzYqMK2SSWtsPgxyjkhoUTPK5Pygszymb0BHvO6toxm1ULteck2uXJCTVxh2FZJn+fVHSzNpZFrubGcWx3e4W4X9dv8D0PiqFygvkiq0GpYUkqMnizyQRhjOUM2coM8LtStiYGsrQkdmYEhdSj/Tcd1zCbQq7pnPbDINm+BxAFS7hCm4ghDt4gCdoQRsYJPAG796r9+F9rvhVvDXIC9iQ9/UL2o2Smw==</latexit><latexit sha1_base64="eiwNHHI9vaPrW608hEDJJ6Ggbqk="></latexit><latexit sha1_base64="eiwNHHI9vaPrW608hEDJJ6Ggbqk="></latexit><latexit sha1_base64="cE0HI6585M2bHVFj3QZCykrEfMA="></latexit><latexit sha1_base64="TwF23Wb+Zr9pCx/gUwBvNP/q6Ik="></latexit><latexit sha1_base64="TwF23Wb+Zr9pCx/gUwBvNP/q6Ik="></latexit><latexit sha1_base64="TwF23Wb+Zr9pCx/gUwBvNP/q6Ik="></latexit><latexit sha1_base64="TwF23Wb+Zr9pCx/gUwBvNP/q6Ik="></latexit><latexit sha1_base64="TwF23Wb+Zr9pCx/gUwBvNP/q6Ik="></latexit><latexit sha1_base64="TwF23Wb+Zr9pCx/gUwBvNP/q6Ik="></latexit>
The combination                    is an eigenvector of P with 
eigenvalue zero:  
i.e.,     has spontaneously broken scale invariance with a  
flat minimum at                and      is a massless (Goldstone) 
dilaton.
∙
One-loop corrections (a la Coleman-Weinberg)      explicitly 
break scale invariance giving      a “small” mass and picking 
out a definite value of    at the minimum of  
V1
<latexit sha1_base64="PtKSBUCPhjxE0GWPAYGj9+aRba8="></latexit><latexit sha1_base64="PtKSBUCPhjxE0GWPAYGj9+aRba8="></latexit><latexit sha1_base64="PtKSBUCPhjxE0GWPAYGj9+aRba8="></latexit><latexit sha1_base64="pkji8KGoRjBMqJDo+8EgK75rOEM=">AAAB7XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwf5AO5RMJtOGZpIhuVMoY1/ArW/gTnwiX8DnMP1Z2NYDgcM5Cffmi3MpLAbBt1fZ2z84PKoe+yc1//TsvF7rWF0YxttMS216MbVcCsXbKFDyXm44zWLJu/HkcdF3p9xYodULznIeZXSkRCoYRRe1hvVG0AyWIrsmXJsGrDWs/wwSzYqMK2SSWtsPgxyjkhoUTPK5Pygszymb0BHvO6toxm1ULteck2uXJCTVxh2FZJn+fVHSzNpZFrubGcWx3e4W4X9dv8D0PiqFygvkiq0GpYUkqMnizyQRhjOUM2coM8LtStiYGsrQkdmYEhdSj/Tcd1zCbQq7pnPbDINm+BxAFS7hCm4ghDt4gCdoQRsYJPAG796r9+F9rvhVvDXIC9iQ9/UL2o2Smw==</latexit><latexit sha1_base64="86bOBnOEBVBgfn2jSj0FHSwH1uw="></latexit><latexit sha1_base64="86bOBnOEBVBgfn2jSj0FHSwH1uw="></latexit><latexit sha1_base64="rVIs2MJwlJKJFBMzzIz1a0JUgAQ="></latexit><latexit sha1_base64="PtKSBUCPhjxE0GWPAYGj9+aRba8="></latexit><latexit sha1_base64="PtKSBUCPhjxE0GWPAYGj9+aRba8="></latexit><latexit sha1_base64="PtKSBUCPhjxE0GWPAYGj9+aRba8="></latexit><latexit sha1_base64="PtKSBUCPhjxE0GWPAYGj9+aRba8="></latexit><latexit sha1_base64="PtKSBUCPhjxE0GWPAYGj9+aRba8="></latexit><latexit sha1_base64="pkji8KGoRjBMqJDo+8EgK75rOEM=">AAAB7XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwf5AO5RMJtOGZpIhuVMoY1/ArW/gTnwiX8DnMP1Z2NYDgcM5Cffmi3MpLAbBt1fZ2z84PKoe+yc1//TsvF7rWF0YxttMS216MbVcCsXbKFDyXm44zWLJu/HkcdF3p9xYodULznIeZXSkRCoYRRe1hvVG0AyWIrsmXJsGrDWs/wwSzYqMK2SSWtsPgxyjkhoUTPK5Pygszymb0BHvO6toxm1ULteck2uXJCTVxh2FZJn+fVHSzNpZFrubGcWx3e4W4X9dv8D0PiqFygvkiq0GpYUkqMnizyQRhjOUM2coM8LtStiYGsrQkdmYEhdSj/Tcd1zCbQq7pnPbDINm+BxAFS7hCm4ghDt4gCdoQRsYJPAG796r9+F9rvhVvDXIC9iQ9/UL2o2Smw==</latexit><latexit sha1_base64="86bOBnOEBVBgfn2jSj0FHSwH1uw="></latexit><latexit sha1_base64="86bOBnOEBVBgfn2jSj0FHSwH1uw="></latexit><latexit sha1_base64="rVIs2MJwlJKJFBMzzIz1a0JUgAQ="></latexit><latexit sha1_base64="PtKSBUCPhjxE0GWPAYGj9+aRba8="></latexit><latexit sha1_base64="PtKSBUCPhjxE0GWPAYGj9+aRba8="></latexit><latexit sha1_base64="PtKSBUCPhjxE0GWPAYGj9+aRba8="></latexit><latexit sha1_base64="PtKSBUCPhjxE0GWPAYGj9+aRba8="></latexit><latexit sha1_base64="PtKSBUCPhjxE0GWPAYGj9+aRba8="></latexit><latexit sha1_base64="PtKSBUCPhjxE0GWPAYGj9+aRba8="></latexit>
 n
<latexit sha1_base64="TYCRXe22jSllMyimwV6nG6rqi84="></latexit><latexit sha1_base64="TYCRXe22jSllMyimwV6nG6rqi84="></latexit><latexit sha1_base64="TYCRXe22jSllMyimwV6nG6rqi84="></latexit><latexit sha1_base64="TYCRXe22jSllMyimwV6nG6rqi84="></latexit>
 
<latexit sha1_base64="H2aCI4ob3IbT9+ziQD7wbIfnX4s="></latexit><latexit sha1_base64="H2aCI4ob3IbT9+ziQD7wbIfnX4s="></latexit><latexit sha1_base64="H2aCI4ob3IbT9+ziQD7wbIfnX4s="></latexit><latexit sha1_base64="H2aCI4ob3IbT9+ziQD7wbIfnX4s="></latexit>
V0 + V1 :
<latexit sha1_base64="fAgXhqTUJSKYLdUsVutJyaqX9ZU="></latexit><latexit sha1_base64="fAgXhqTUJSKYLdUsVutJyaqX9ZU="></latexit><latexit sha1_base64="fAgXhqTUJSKYLdUsVutJyaqX9ZU="></latexit><latexit sha1_base64="fAgXhqTUJSKYLdUsVutJyaqX9ZU="></latexit>
∙
Now comes the punchline: 
W±L , ZL
<latexit sha1_base64="9cuQ964IrLAX5eM/AaY94OZh/kk="></latexit><latexit sha1_base64="9cuQ964IrLAX5eM/AaY94OZh/kk="></latexit><latexit sha1_base64="9cuQ964IrLAX5eM/AaY94OZh/kk="></latexit><latexit sha1_base64="9cuQ964IrLAX5eM/AaY94OZh/kk="></latexit>
h i0 = v, i.e. h( n)ii0 = nih i0 ⌘ niv.
<latexit sha1_base64="TY0/nbLiPCnIAgEY/1Uij1YN6Nc="></latexit><latexit sha1_base64="TY0/nbLiPCnIAgEY/1Uij1YN6Nc="></latexit><latexit sha1_base64="TY0/nbLiPCnIAgEY/1Uij1YN6Nc="></latexit><latexit sha1_base64="TY0/nbLiPCnIAgEY/1Uij1YN6Nc="></latexit>
“M2” /  2
<latexit sha1_base64="1UUfcD0ZVRm21Obvl6GL4lOpOyk="></latexit><latexit sha1_base64="1UUfcD0ZVRm21Obvl6GL4lOpOyk="></latexit><latexit sha1_base64="1UUfcD0ZVRm21Obvl6GL4lOpOyk="></latexit><latexit sha1_base64="1UUfcD0ZVRm21Obvl6GL4lOpOyk="></latexit>
Other scalars acquire                    or, if zero, must be absorbed 









fijkl nknlnj  = 0
<latexit sha1_base64="/N1euc27xOgWMH2Ns7EhlmH/GBA="></latexit><latexit sha1_base64="/N1euc27xOgWMH2Ns7EhlmH/GBA="></latexit><latexit sha1_base64="/N1euc27xOgWMH2Ns7EhlmH/GBA="></latexit><latexit sha1_base64="/N1euc27xOgWMH2Ns7EhlmH/GBA="></latexit>
V0
<latexit sha1_base64="7P+mTjGZ7GDAq1Qi/2KyA0LdORs="></latexit><latexit sha1_base64="7P+mTjGZ7GDAq1Qi/2KyA0LdORs="></latexit><latexit sha1_base64="7P+mTjGZ7GDAq1Qi/2KyA0LdORs="></latexit><latexit sha1_base64="7P+mTjGZ7GDAq1Qi/2KyA0LdORs="></latexit>
 n = n 
<latexit sha1_base64="VPOYh9PgYYvrviYiaXvwmh7w0hk="></latexit><latexit sha1_base64="VPOYh9PgYYvrviYiaXvwmh7w0hk="></latexit><latexit sha1_base64="VPOYh9PgYYvrviYiaXvwmh7w0hk="></latexit><latexit sha1_base64="VPOYh9PgYYvrviYiaXvwmh7w0hk="></latexit>
 n
<latexit sha1_base64="TwF23Wb+Zr9pCx/gUwBvNP/q6Ik="></latexit><latexit sha1_base64="TwF23Wb+Zr9pCx/gUwBvNP/q6Ik="></latexit><latexit sha1_base64="TwF23Wb+Zr9pCx/gUwBvNP/q6Ik="></latexit><latexit sha1_base64="pkji8KGoRjBMqJDo+8EgK75rOEM=">AAAB7XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwf5AO5RMJtOGZpIhuVMoY1/ArW/gTnwiX8DnMP1Z2NYDgcM5Cffmi3MpLAbBt1fZ2z84PKoe+yc1//TsvF7rWF0YxttMS216MbVcCsXbKFDyXm44zWLJu/HkcdF3p9xYodULznIeZXSkRCoYRRe1hvVG0AyWIrsmXJsGrDWs/wwSzYqMK2SSWtsPgxyjkhoUTPK5Pygszymb0BHvO6toxm1ULteck2uXJCTVxh2FZJn+fVHSzNpZFrubGcWx3e4W4X9dv8D0PiqFygvkiq0GpYUkqMnizyQRhjOUM2coM8LtStiYGsrQkdmYEhdSj/Tcd1zCbQq7pnPbDINm+BxAFS7hCm4ghDt4gCdoQRsYJPAG796r9+F9rvhVvDXIC9iQ9/UL2o2Smw==</latexit><latexit sha1_base64="eiwNHHI9vaPrW608hEDJJ6Ggbqk="></latexit><latexit sha1_base64="eiwNHHI9vaPrW608hEDJJ6Ggbqk="></latexit><latexit sha1_base64="cE0HI6585M2bHVFj3QZCykrEfMA="></latexit><latexit sha1_base64="TwF23Wb+Zr9pCx/gUwBvNP/q6Ik="></latexit><latexit sha1_base64="TwF23Wb+Zr9pCx/gUwBvNP/q6Ik="></latexit><latexit sha1_base64="TwF23Wb+Zr9pCx/gUwBvNP/q6Ik="></latexit><latexit sha1_base64="TwF23Wb+Zr9pCx/gUwBvNP/q6Ik="></latexit><latexit sha1_base64="TwF23Wb+Zr9pCx/gUwBvNP/q6Ik="></latexit><latexit sha1_base64="TwF23Wb+Zr9pCx/gUwBvNP/q6Ik="></latexit>
The combination                    is an eigenvector of P with 
eigenvalue zero:  
i.e.,     has spontaneously broken scale invariance with a  
flat minimum at                and      is a massless (Goldstone) 
dilaton.
∙
One-loop corrections (a la Coleman-Weinberg)      explicitly 
break scale invariance giving      a “small” mass and picking 
out a definite value of    at the minimum of  
V1
<latexit sha1_base64="PtKSBUCPhjxE0GWPAYGj9+aRba8="></latexit><latexit sha1_base64="PtKSBUCPhjxE0GWPAYGj9+aRba8="></latexit><latexit sha1_base64="PtKSBUCPhjxE0GWPAYGj9+aRba8="></latexit><latexit sha1_base64="pkji8KGoRjBMqJDo+8EgK75rOEM=">AAAB7XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwf5AO5RMJtOGZpIhuVMoY1/ArW/gTnwiX8DnMP1Z2NYDgcM5Cffmi3MpLAbBt1fZ2z84PKoe+yc1//TsvF7rWF0YxttMS216MbVcCsXbKFDyXm44zWLJu/HkcdF3p9xYodULznIeZXSkRCoYRRe1hvVG0AyWIrsmXJsGrDWs/wwSzYqMK2SSWtsPgxyjkhoUTPK5Pygszymb0BHvO6toxm1ULteck2uXJCTVxh2FZJn+fVHSzNpZFrubGcWx3e4W4X9dv8D0PiqFygvkiq0GpYUkqMnizyQRhjOUM2coM8LtStiYGsrQkdmYEhdSj/Tcd1zCbQq7pnPbDINm+BxAFS7hCm4ghDt4gCdoQRsYJPAG796r9+F9rvhVvDXIC9iQ9/UL2o2Smw==</latexit><latexit sha1_base64="86bOBnOEBVBgfn2jSj0FHSwH1uw="></latexit><latexit sha1_base64="86bOBnOEBVBgfn2jSj0FHSwH1uw="></latexit><latexit sha1_base64="rVIs2MJwlJKJFBMzzIz1a0JUgAQ="></latexit><latexit sha1_base64="PtKSBUCPhjxE0GWPAYGj9+aRba8="></latexit><latexit sha1_base64="PtKSBUCPhjxE0GWPAYGj9+aRba8="></latexit><latexit sha1_base64="PtKSBUCPhjxE0GWPAYGj9+aRba8="></latexit><latexit sha1_base64="PtKSBUCPhjxE0GWPAYGj9+aRba8="></latexit><latexit sha1_base64="PtKSBUCPhjxE0GWPAYGj9+aRba8="></latexit><latexit sha1_base64="pkji8KGoRjBMqJDo+8EgK75rOEM=">AAAB7XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwf5AO5RMJtOGZpIhuVMoY1/ArW/gTnwiX8DnMP1Z2NYDgcM5Cffmi3MpLAbBt1fZ2z84PKoe+yc1//TsvF7rWF0YxttMS216MbVcCsXbKFDyXm44zWLJu/HkcdF3p9xYodULznIeZXSkRCoYRRe1hvVG0AyWIrsmXJsGrDWs/wwSzYqMK2SSWtsPgxyjkhoUTPK5Pygszymb0BHvO6toxm1ULteck2uXJCTVxh2FZJn+fVHSzNpZFrubGcWx3e4W4X9dv8D0PiqFygvkiq0GpYUkqMnizyQRhjOUM2coM8LtStiYGsrQkdmYEhdSj/Tcd1zCbQq7pnPbDINm+BxAFS7hCm4ghDt4gCdoQRsYJPAG796r9+F9rvhVvDXIC9iQ9/UL2o2Smw==</latexit><latexit sha1_base64="86bOBnOEBVBgfn2jSj0FHSwH1uw="></latexit><latexit sha1_base64="86bOBnOEBVBgfn2jSj0FHSwH1uw="></latexit><latexit sha1_base64="rVIs2MJwlJKJFBMzzIz1a0JUgAQ="></latexit><latexit sha1_base64="PtKSBUCPhjxE0GWPAYGj9+aRba8="></latexit><latexit sha1_base64="PtKSBUCPhjxE0GWPAYGj9+aRba8="></latexit><latexit sha1_base64="PtKSBUCPhjxE0GWPAYGj9+aRba8="></latexit><latexit sha1_base64="PtKSBUCPhjxE0GWPAYGj9+aRba8="></latexit><latexit sha1_base64="PtKSBUCPhjxE0GWPAYGj9+aRba8="></latexit><latexit sha1_base64="PtKSBUCPhjxE0GWPAYGj9+aRba8="></latexit>
 n
<latexit sha1_base64="TYCRXe22jSllMyimwV6nG6rqi84="></latexit><latexit sha1_base64="TYCRXe22jSllMyimwV6nG6rqi84="></latexit><latexit sha1_base64="TYCRXe22jSllMyimwV6nG6rqi84="></latexit><latexit sha1_base64="TYCRXe22jSllMyimwV6nG6rqi84="></latexit>
 
<latexit sha1_base64="H2aCI4ob3IbT9+ziQD7wbIfnX4s="></latexit><latexit sha1_base64="H2aCI4ob3IbT9+ziQD7wbIfnX4s="></latexit><latexit sha1_base64="H2aCI4ob3IbT9+ziQD7wbIfnX4s="></latexit><latexit sha1_base64="H2aCI4ob3IbT9+ziQD7wbIfnX4s="></latexit>
V0 + V1 :
<latexit sha1_base64="fAgXhqTUJSKYLdUsVutJyaqX9ZU="></latexit><latexit sha1_base64="fAgXhqTUJSKYLdUsVutJyaqX9ZU="></latexit><latexit sha1_base64="fAgXhqTUJSKYLdUsVutJyaqX9ZU="></latexit><latexit sha1_base64="fAgXhqTUJSKYLdUsVutJyaqX9ZU="></latexit>
∙
Now comes the punchline: 
W±L , ZL
<latexit sha1_base64="9cuQ964IrLAX5eM/AaY94OZh/kk="></latexit><latexit sha1_base64="9cuQ964IrLAX5eM/AaY94OZh/kk="></latexit><latexit sha1_base64="9cuQ964IrLAX5eM/AaY94OZh/kk="></latexit><latexit sha1_base64="9cuQ964IrLAX5eM/AaY94OZh/kk="></latexit>
h i0 = v, i.e. h( n)ii0 = nih i0 ⌘ niv.
<latexit sha1_base64="TY0/nbLiPCnIAgEY/1Uij1YN6Nc="></latexit><latexit sha1_base64="TY0/nbLiPCnIAgEY/1Uij1YN6Nc="></latexit><latexit sha1_base64="TY0/nbLiPCnIAgEY/1Uij1YN6Nc="></latexit><latexit sha1_base64="TY0/nbLiPCnIAgEY/1Uij1YN6Nc="></latexit>
“M2” /  2
<latexit sha1_base64="1UUfcD0ZVRm21Obvl6GL4lOpOyk="></latexit><latexit sha1_base64="1UUfcD0ZVRm21Obvl6GL4lOpOyk="></latexit><latexit sha1_base64="1UUfcD0ZVRm21Obvl6GL4lOpOyk="></latexit><latexit sha1_base64="1UUfcD0ZVRm21Obvl6GL4lOpOyk="></latexit>
                           is an aligned Higgs boson, with the same 
couplings to EW bosons and fermions as the single SM 
Higgs!      -corrections to alignment protected by approximate 
scale invariance! The same symmetry that protects its mass!
 n(x) = n (x)
<latexit sha1_base64="sqsA5PL7aDWzqnzGtkWAFYpG+qw="></latexit><latexit sha1_base64="sqsA5PL7aDWzqnzGtkWAFYpG+qw="></latexit><latexit sha1_base64="sqsA5PL7aDWzqnzGtkWAFYpG+qw="></latexit><latexit sha1_base64="sqsA5PL7aDWzqnzGtkWAFYpG+qw="></latexit>
V1
<latexit sha1_base64="N1pau1/p0YJ8aR+pdzBk+8dWw2k="></latexit><latexit sha1_base64="N1pau1/p0YJ8aR+pdzBk+8dWw2k="></latexit><latexit sha1_base64="N1pau1/p0YJ8aR+pdzBk+8dWw2k="></latexit><latexit sha1_base64="N1pau1/p0YJ8aR+pdzBk+8dWw2k="></latexit>
Other scalars acquire                    or, if zero, must be absorbed 
via the Higgs mechanism, like                . 
∙ As noted, the one-loop corrections give mass to the dilaton, H. 




















<latexit sha1_base64="fFxWRm+MODYNdk5MnFDOTWpK4HM="></latexit><latexit sha1_base64="fFxWRm+MODYNdk5MnFDOTWpK4HM="></latexit><latexit sha1_base64="fFxWRm+MODYNdk5MnFDOTWpK4HM="></latexit><latexit sha1_base64="pkji8KGoRjBMqJDo+8EgK75rOEM=">AAAB7XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwf5AO5RMJtOGZpIhuVMoY1/ArW/gTnwiX8DnMP1Z2NYDgcM5Cffmi3MpLAbBt1fZ2z84PKoe+yc1//TsvF7rWF0YxttMS216MbVcCsXbKFDyXm44zWLJu/HkcdF3p9xYodULznIeZXSkRCoYRRe1hvVG0AyWIrsmXJsGrDWs/wwSzYqMK2SSWtsPgxyjkhoUTPK5Pygszymb0BHvO6toxm1ULteck2uXJCTVxh2FZJn+fVHSzNpZFrubGcWx3e4W4X9dv8D0PiqFygvkiq0GpYUkqMnizyQRhjOUM2coM8LtStiYGsrQkdmYEhdSj/Tcd1zCbQq7pnPbDINm+BxAFS7hCm4ghDt4gCdoQRsYJPAG796r9+F9rvhVvDXIC9iQ9/UL2o2Smw==</latexit><latexit sha1_base64="CDQfyndW5z1cd+zEXL1UqOGvyOI="></latexit><latexit sha1_base64="kwhgTopvIeurpstmx22KPqecj8U="></latexit><latexit sha1_base64="I0+gjUdroMnB2DNMV/FSdwgN9zM="></latexit><latexit sha1_base64="fFxWRm+MODYNdk5MnFDOTWpK4HM="></latexit><latexit sha1_base64="fFxWRm+MODYNdk5MnFDOTWpK4HM="></latexit><latexit sha1_base64="fFxWRm+MODYNdk5MnFDOTWpK4HM="></latexit><latexit sha1_base64="fFxWRm+MODYNdk5MnFDOTWpK4HM="></latexit><latexit sha1_base64="fFxWRm+MODYNdk5MnFDOTWpK4HM="></latexit><latexit sha1_base64="fFxWRm+MODYNdk5MnFDOTWpK4HM="></latexit>









<latexit sha1_base64="BXf22b94IgzcbT3cVci5zv5szHY="></latexit><latexit sha1_base64="BXf22b94IgzcbT3cVci5zv5szHY="></latexit><latexit sha1_base64="BXf22b94IgzcbT3cVci5zv5szHY="></latexit><latexit sha1_base64="BXf22b94IgzcbT3cVci5zv5szHY="></latexit>
∙ As noted, the one-loop corrections give mass to the dilaton, H. 
For the known electroweak interactions, it is
Then
Now you know: 
Why H(125) is light.
Why H(125) has SM couplings.






















<latexit sha1_base64="fFxWRm+MODYNdk5MnFDOTWpK4HM="></latexit><latexit sha1_base64="fFxWRm+MODYNdk5MnFDOTWpK4HM="></latexit><latexit sha1_base64="fFxWRm+MODYNdk5MnFDOTWpK4HM="></latexit><latexit sha1_base64="pkji8KGoRjBMqJDo+8EgK75rOEM=">AAAB7XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwf5AO5RMJtOGZpIhuVMoY1/ArW/gTnwiX8DnMP1Z2NYDgcM5Cffmi3MpLAbBt1fZ2z84PKoe+yc1//TsvF7rWF0YxttMS216MbVcCsXbKFDyXm44zWLJu/HkcdF3p9xYodULznIeZXSkRCoYRRe1hvVG0AyWIrsmXJsGrDWs/wwSzYqMK2SSWtsPgxyjkhoUTPK5Pygszymb0BHvO6toxm1ULteck2uXJCTVxh2FZJn+fVHSzNpZFrubGcWx3e4W4X9dv8D0PiqFygvkiq0GpYUkqMnizyQRhjOUM2coM8LtStiYGsrQkdmYEhdSj/Tcd1zCbQq7pnPbDINm+BxAFS7hCm4ghDt4gCdoQRsYJPAG796r9+F9rvhVvDXIC9iQ9/UL2o2Smw==</latexit><latexit sha1_base64="CDQfyndW5z1cd+zEXL1UqOGvyOI="></latexit><latexit sha1_base64="kwhgTopvIeurpstmx22KPqecj8U="></latexit><latexit sha1_base64="I0+gjUdroMnB2DNMV/FSdwgN9zM="></latexit><latexit sha1_base64="fFxWRm+MODYNdk5MnFDOTWpK4HM="></latexit><latexit sha1_base64="fFxWRm+MODYNdk5MnFDOTWpK4HM="></latexit><latexit sha1_base64="fFxWRm+MODYNdk5MnFDOTWpK4HM="></latexit><latexit sha1_base64="fFxWRm+MODYNdk5MnFDOTWpK4HM="></latexit><latexit sha1_base64="fFxWRm+MODYNdk5MnFDOTWpK4HM="></latexit><latexit sha1_base64="fFxWRm+MODYNdk5MnFDOTWpK4HM="></latexit>


















, i = 1, 2.
<latexit sha1_base64="SupHyMQhVijCOE8XDT/BN7yJnJg="></latexit><latexit sha1_base64="SupHyMQhVijCOE8XDT/BN7yJnJg="></latexit><latexit sha1_base64="SupHyMQhVijCOE8XDT/BN7yJnJg="></latexit><latexit sha1_base64="pkji8KGoRjBMqJDo+8EgK75rOEM=">AAAB7XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwf5AO5RMJtOGZpIhuVMoY1/ArW/gTnwiX8DnMP1Z2NYDgcM5Cffmi3MpLAbBt1fZ2z84PKoe+yc1//TsvF7rWF0YxttMS216MbVcCsXbKFDyXm44zWLJu/HkcdF3p9xYodULznIeZXSkRCoYRRe1hvVG0AyWIrsmXJsGrDWs/wwSzYqMK2SSWtsPgxyjkhoUTPK5Pygszymb0BHvO6toxm1ULteck2uXJCTVxh2FZJn+fVHSzNpZFrubGcWx3e4W4X9dv8D0PiqFygvkiq0GpYUkqMnizyQRhjOUM2coM8LtStiYGsrQkdmYEhdSj/Tcd1zCbQq7pnPbDINm+BxAFS7hCm4ghDt4gCdoQRsYJPAG796r9+F9rvhVvDXIC9iQ9/UL2o2Smw==</latexit><latexit sha1_base64="P6jDpy2o7+6sPddtxMQV/dw4iCo="></latexit><latexit sha1_base64="P6jDpy2o7+6sPddtxMQV/dw4iCo="></latexit><latexit sha1_base64="bxLHyIcc6l8BCg2gB9f9H9Zs08Y="></latexit><latexit sha1_base64="SupHyMQhVijCOE8XDT/BN7yJnJg="></latexit><latexit sha1_base64="SupHyMQhVijCOE8XDT/BN7yJnJg="></latexit><latexit sha1_base64="SupHyMQhVijCOE8XDT/BN7yJnJg="></latexit><latexit sha1_base64="SupHyMQhVijCOE8XDT/BN7yJnJg="></latexit><latexit sha1_base64="SupHyMQhVijCOE8XDT/BN7yJnJg="></latexit><latexit sha1_base64="SupHyMQhVijCOE8XDT/BN7yJnJg="></latexit>
Z2 symmetry :  1 !   1,  2 !  2,
 L !   L,  uR !  uR,  dR !  dR.

























(= 0 at  i = 0)
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These =) V0  = 0 and
 1/ 2 = tan
4  ,  345 =  2
p
 1 2 < 0
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Minimize and obtain V0  + V1  < V0  = V0(0) + V1(0) = 0
This picks out definite value h i of   :
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+  t2/64⇡2 = 0
Minimize and obtain V0  + V1  < V0  = V0(0) + V1(0) = 0
This picks out definite value h i of   :
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Mass eigenstates and their masses (one-loop level)














2 , z(ZL) = c a1 + s a2; Mw± = Mz = 0
A =  s a1 + c a2, M2A =   5v2
H









<latexit sha1_base64="5RFkdp8xeA0Yo5WuoyO+074O5N4=">AAARDXiclVhdbttGEFbSn6Tuj5X2sS+LBkZkRFZERk6DBC4SFGhdwCrcIrGDhBaxolbSxvwzdylHIfYMvUBf2xv0rehrz9AL9Byd2SUpUSYDVIHF4ezsN/+zq4xjnwvZ7/9z7fp773/w4Y2bH219/Mmnn223b31+IqI08dhzL/Kj5MWYCubzkD2XXPrsRZwwGox9djo+/xbXTxcsETwKn8llzM4COgv5lHtUAsu9tb3thOzSi4 </latexit><latexit sha1_base64="5RFkdp8xeA0Yo5WuoyO+074O5N4=">AAARDXiclVhdbttGEFbSn6Tuj5X2sS+LBkZkRFZERk6DBC4SFGhdwCrcIrGDhBaxolbSxvwzdylHIfYMvUBf2xv0rehrz9AL9Byd2SUpUSYDVIHF4ezsN/+zq4xjnwvZ7/9z7fp773/w4Y2bH219/Mmnn223b31+IqI08dhzL/Kj5MWYCubzkD2XXPrsRZwwGox9djo+/xbXTxcsETwKn8llzM4COgv5lHtUAsu9tb3thOzSi4 </latexit><latexit sha1_base64="5RFkdp8xeA0Yo5WuoyO+074O5N4=">AAARDXiclVhdbttGEFbSn6Tuj5X2sS+LBkZkRFZERk6DBC4SFGhdwCrcIrGDhBaxolbSxvwzdylHIfYMvUBf2xv0rehrz9AL9Byd2SUpUSYDVIHF4ezsN/+zq4xjnwvZ7/9z7fp773/w4Y2bH219/Mmnn223b31+IqI08dhzL/Kj5MWYCubzkD2XXPrsRZwwGox9djo+/xbXTxcsETwKn8llzM4COgv5lHtUAsu9tb3thOzSi4 </latexit><latexit sha1_base64="5RFkdp8xeA0Yo5WuoyO+074O5N4=">AAARDXiclVhdbttGEFbSn6Tuj5X2sS+LBkZkRFZERk6DBC4SFGhdwCrcIrGDhBaxolbSxvwzdylHIfYMvUBf2xv0rehrz9AL9Byd2SUpUSYDVIHF4ezsN/+zq4xjnwvZ7/9z7fp773/w4Y2bH219/Mmnn223b31+IqI08dhzL/Kj5MWYCubzkD2XXPrsRZwwGox9djo+/xbXTxcsETwKn8llzM4COgv5lHtUAsu9tb3thOzSi4 </latexit>














2 , z(ZL) = c a1 + s a2; Mw± = Mz = 0























2 + O(one loop)
H ⌘ H1 = c 0⇢1 + s 0⇢2 where  
0 =       ⇠=  
where first–order P.T. requires | | ⌧   (0 <   < ⇡/2)
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Mass eigenstates and their masses (one-loop level)
Mass eigenstates and their masses (one-loop level)














2 , z(ZL) = c a1 + s a2; Mw± = Mz = 0























2 + O(one loop)
H ⌘ H1 = c 0⇢1 + s 0⇢2 where  
0 =       ⇠=  
where first–order P.T. requires | | ⌧   (0 <   < ⇡/2)
<latexit sha1_base64="FM0WulZEnmqDEcksqAYacX+b1mE=">AAARZHiclVjrbts2FHa7W5d1S7JivwYMxIqgNuI4lup0RbsMLfZjGRBv2bAmRatYoGXaZqNbRMqpq/IR9wB7gb7A/m7AziEl23KkAU0Q++jw8Dv3QyrD2OdCdrt/3bj5wYcfffzJrU83Prv9+RebW9tfnoooTTz2zIv8KHk+pIL5PGTPJJc+ex4njAZDn50NL37E9bMZSwSPwj/kPGbnAZ2EfMw9KoHlbm+OnZBdeVEQ0HCUOU </latexit><latexit sha1_base64="FM0WulZEnmqDEcksqAYacX+b1mE=">AAARZHiclVjrbts2FHa7W5d1S7JivwYMxIqgNuI4lup0RbsMLfZjGRBv2bAmRatYoGXaZqNbRMqpq/IR9wB7gb7A/m7AziEl23KkAU0Q++jw8Dv3QyrD2OdCdrt/3bj5wYcfffzJrU83Prv9+RebW9tfnoooTTz2zIv8KHk+pIL5PGTPJJc+ex4njAZDn50NL37E9bMZSwSPwj/kPGbnAZ2EfMw9KoHlbm+OnZBdeVEQ0HCUOU </latexit><latexit sha1_base64="FM0WulZEnmqDEcksqAYacX+b1mE=">AAARZHiclVjrbts2FHa7W5d1S7JivwYMxIqgNuI4lup0RbsMLfZjGRBv2bAmRatYoGXaZqNbRMqpq/IR9wB7gb7A/m7AziEl23KkAU0Q++jw8Dv3QyrD2OdCdrt/3bj5wYcfffzJrU83Prv9+RebW9tfnoooTTz2zIv8KHk+pIL5PGTPJJc+ex4njAZDn50NL37E9bMZSwSPwj/kPGbnAZ2EfMw9KoHlbm+OnZBdeVEQ0HCUOU </latexit><latexit sha1_base64="FM0WulZEnmqDEcksqAYacX+b1mE=">AAARZHiclVjrbts2FHa7W5d1S7JivwYMxIqgNuI4lup0RbsMLfZjGRBv2bAmRatYoGXaZqNbRMqpq/IR9wB7gb7A/m7AziEl23KkAU0Q++jw8Dv3QyrD2OdCdrt/3bj5wYcfffzJrU83Prv9+RebW9tfnoooTTz2zIv8KHk+pIL5PGTPJJc+ex4njAZDn50NL37E9bMZSwSPwj/kPGbnAZ2EfMw9KoHlbm+OnZBdeVEQ0HCUOU </latexit>
N.B. : MA = MH± =) T  = 0 through one loop.
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H ⌘ H1
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<latexit sha1_base64="NSAM2tL8AFaDpD0PUjMl3dSDp9E="></latexit><latexit sha1_base64="NSAM2tL8AFaDpD0PUjMl3dSDp9E="></latexit><latexit sha1_base64="NSAM2tL8AFaDpD0PUjMl3dSDp9E="></latexit><latexit sha1_base64="pkji8KGoRjBMqJDo+8EgK75rOEM=">AAAB7XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwf5AO5RMJtOGZpIhuVMoY1/ArW/gTnwiX8DnMP1Z2NYDgcM5Cffmi3MpLAbBt1fZ2z84PKoe+yc1//TsvF7rWF0YxttMS216MbVcCsXbKFDyXm44zWLJu/HkcdF3p9xYodULznIeZXSkRCoYRRe1hvVG0AyWIrsmXJsGrDWs/wwSzYqMK2SSWtsPgxyjkhoUTPK5Pygszymb0BHvO6toxm1ULteck2uXJCTVxh2FZJn+fVHSzNpZFrubGcWx3e4W4X9dv8D0PiqFygvkiq0GpYUkqMnizyQRhjOUM2coM8LtStiYGsrQkdmYEhdSj/Tcd1zCbQq7pnPbDINm+BxAFS7hCm4ghDt4gCdoQRsYJPAG796r9+F9rvhVvDXIC9iQ9/UL2o2Smw==</latexit><latexit sha1_base64="3kbmxNORypYKF65w/k+RyCK8qqg="></latexit><latexit sha1_base64="LKAoR5o+KssXjKUcDj8jmPyLssE="></latexit><latexit sha1_base64="SWzVafAf56InHpex7dBP+y9VI1I="></latexit><latexit sha1_base64="NSAM2tL8AFaDpD0PUjMl3dSDp9E="></latexit><latexit sha1_base64="NSAM2tL8AFaDpD0PUjMl3dSDp9E="></latexit><latexit sha1_base64="NSAM2tL8AFaDpD0PUjMl3dSDp9E="></latexit><latexit sha1_base64="NSAM2tL8AFaDpD0PUjMl3dSDp9E="></latexit><latexit sha1_base64="NSAM2tL8AFaDpD0PUjMl3dSDp9E="></latexit><latexit sha1_base64="NSAM2tL8AFaDpD0PUjMl3dSDp9E="></latexit>










<latexit sha1_base64="IuKIRz0c2SfSVUTPjbkOT508YVM="></latexit><latexit sha1_base64="IuKIRz0c2SfSVUTPjbkOT508YVM="></latexit><latexit sha1_base64="IuKIRz0c2SfSVUTPjbkOT508YVM="></latexit><latexit sha1_base64="pkji8KGoRjBMqJDo+8EgK75rOEM=">AAAB7XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwf5AO5RMJtOGZpIhuVMoY1/ArW/gTnwiX8DnMP1Z2NYDgcM5Cffmi3MpLAbBt1fZ2z84PKoe+yc1//TsvF7rWF0YxttMS216MbVcCsXbKFDyXm44zWLJu/HkcdF3p9xYodULznIeZXSkRCoYRRe1hvVG0AyWIrsmXJsGrDWs/wwSzYqMK2SSWtsPgxyjkhoUTPK5Pygszymb0BHvO6toxm1ULteck2uXJCTVxh2FZJn+fVHSzNpZFrubGcWx3e4W4X9dv8D0PiqFygvkiq0GpYUkqMnizyQRhjOUM2coM8LtStiYGsrQkdmYEhdSj/Tcd1zCbQq7pnPbDINm+BxAFS7hCm4ghDt4gCdoQRsYJPAG796r9+F9rvhVvDXIC9iQ9/UL2o2Smw==</latexit><latexit sha1_base64="B4aMOw7ZbUejkIb4FmE0Jk8TV+E="></latexit><latexit sha1_base64="NrLGxUQc+L8MDBYWbvFbeKVUZEI="></latexit><latexit sha1_base64="nZMjsLo6oXrfFNlIQtJRlmK/rfw="></latexit><latexit sha1_base64="IuKIRz0c2SfSVUTPjbkOT508YVM="></latexit><latexit sha1_base64="IuKIRz0c2SfSVUTPjbkOT508YVM="></latexit><latexit sha1_base64="IuKIRz0c2SfSVUTPjbkOT508YVM="></latexit><latexit sha1_base64="IuKIRz0c2SfSVUTPjbkOT508YVM="></latexit><latexit sha1_base64="IuKIRz0c2SfSVUTPjbkOT508YVM="></latexit><latexit sha1_base64="IuKIRz0c2SfSVUTPjbkOT508YVM="></latexit>
N.B: This is first-order P.T.

Therefore, Higgs, etc. masses





<latexit sha1_base64="tIoVxeVI+dUy02wQlQc0Jf12CUU="></latexit><latexit sha1_base64="tIoVxeVI+dUy02wQlQc0Jf12CUU="></latexit><latexit sha1_base64="tIoVxeVI+dUy02wQlQc0Jf12CUU="></latexit><latexit sha1_base64="tIoVxeVI+dUy02wQlQc0Jf12CUU="></latexit>




















<latexit sha1_base64="NSAM2tL8AFaDpD0PUjMl3dSDp9E="></latexit><latexit sha1_base64="NSAM2tL8AFaDpD0PUjMl3dSDp9E="></latexit><latexit sha1_base64="NSAM2tL8AFaDpD0PUjMl3dSDp9E="></latexit><latexit sha1_base64="pkji8KGoRjBMqJDo+8EgK75rOEM=">AAAB7XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwf5AO5RMJtOGZpIhuVMoY1/ArW/gTnwiX8DnMP1Z2NYDgcM5Cffmi3MpLAbBt1fZ2z84PKoe+yc1//TsvF7rWF0YxttMS216MbVcCsXbKFDyXm44zWLJu/HkcdF3p9xYodULznIeZXSkRCoYRRe1hvVG0AyWIrsmXJsGrDWs/wwSzYqMK2SSWtsPgxyjkhoUTPK5Pygszymb0BHvO6toxm1ULteck2uXJCTVxh2FZJn+fVHSzNpZFrubGcWx3e4W4X9dv8D0PiqFygvkiq0GpYUkqMnizyQRhjOUM2coM8LtStiYGsrQkdmYEhdSj/Tcd1zCbQq7pnPbDINm+BxAFS7hCm4ghDt4gCdoQRsYJPAG796r9+F9rvhVvDXIC9iQ9/UL2o2Smw==</latexit><latexit sha1_base64="3kbmxNORypYKF65w/k+RyCK8qqg="></latexit><latexit sha1_base64="LKAoR5o+KssXjKUcDj8jmPyLssE="></latexit><latexit sha1_base64="SWzVafAf56InHpex7dBP+y9VI1I="></latexit><latexit sha1_base64="NSAM2tL8AFaDpD0PUjMl3dSDp9E="></latexit><latexit sha1_base64="NSAM2tL8AFaDpD0PUjMl3dSDp9E="></latexit><latexit sha1_base64="NSAM2tL8AFaDpD0PUjMl3dSDp9E="></latexit><latexit sha1_base64="NSAM2tL8AFaDpD0PUjMl3dSDp9E="></latexit><latexit sha1_base64="NSAM2tL8AFaDpD0PUjMl3dSDp9E="></latexit><latexit sha1_base64="NSAM2tL8AFaDpD0PUjMl3dSDp9E="></latexit>










<latexit sha1_base64="IuKIRz0c2SfSVUTPjbkOT508YVM="></latexit><latexit sha1_base64="IuKIRz0c2SfSVUTPjbkOT508YVM="></latexit><latexit sha1_base64="IuKIRz0c2SfSVUTPjbkOT508YVM="></latexit><latexit sha1_base64="pkji8KGoRjBMqJDo+8EgK75rOEM=">AAAB7XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwf5AO5RMJtOGZpIhuVMoY1/ArW/gTnwiX8DnMP1Z2NYDgcM5Cffmi3MpLAbBt1fZ2z84PKoe+yc1//TsvF7rWF0YxttMS216MbVcCsXbKFDyXm44zWLJu/HkcdF3p9xYodULznIeZXSkRCoYRRe1hvVG0AyWIrsmXJsGrDWs/wwSzYqMK2SSWtsPgxyjkhoUTPK5Pygszymb0BHvO6toxm1ULteck2uXJCTVxh2FZJn+fVHSzNpZFrubGcWx3e4W4X9dv8D0PiqFygvkiq0GpYUkqMnizyQRhjOUM2coM8LtStiYGsrQkdmYEhdSj/Tcd1zCbQq7pnPbDINm+BxAFS7hCm4ghDt4gCdoQRsYJPAG796r9+F9rvhVvDXIC9iQ9/UL2o2Smw==</latexit><latexit sha1_base64="B4aMOw7ZbUejkIb4FmE0Jk8TV+E="></latexit><latexit sha1_base64="NrLGxUQc+L8MDBYWbvFbeKVUZEI="></latexit><latexit sha1_base64="nZMjsLo6oXrfFNlIQtJRlmK/rfw="></latexit><latexit sha1_base64="IuKIRz0c2SfSVUTPjbkOT508YVM="></latexit><latexit sha1_base64="IuKIRz0c2SfSVUTPjbkOT508YVM="></latexit><latexit sha1_base64="IuKIRz0c2SfSVUTPjbkOT508YVM="></latexit><latexit sha1_base64="IuKIRz0c2SfSVUTPjbkOT508YVM="></latexit><latexit sha1_base64="IuKIRz0c2SfSVUTPjbkOT508YVM="></latexit><latexit sha1_base64="IuKIRz0c2SfSVUTPjbkOT508YVM="></latexit>















<latexit sha1_base64="tIoVxeVI+dUy02wQlQc0Jf12CUU="></latexit><latexit sha1_base64="tIoVxeVI+dUy02wQlQc0Jf12CUU="></latexit><latexit sha1_base64="tIoVxeVI+dUy02wQlQc0Jf12CUU="></latexit><latexit sha1_base64="tIoVxeVI+dUy02wQlQc0Jf12CUU="></latexit>




















<latexit sha1_base64="NSAM2tL8AFaDpD0PUjMl3dSDp9E="></latexit><latexit sha1_base64="NSAM2tL8AFaDpD0PUjMl3dSDp9E="></latexit><latexit sha1_base64="NSAM2tL8AFaDpD0PUjMl3dSDp9E="></latexit><latexit sha1_base64="pkji8KGoRjBMqJDo+8EgK75rOEM=">AAAB7XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwf5AO5RMJtOGZpIhuVMoY1/ArW/gTnwiX8DnMP1Z2NYDgcM5Cffmi3MpLAbBt1fZ2z84PKoe+yc1//TsvF7rWF0YxttMS216MbVcCsXbKFDyXm44zWLJu/HkcdF3p9xYodULznIeZXSkRCoYRRe1hvVG0AyWIrsmXJsGrDWs/wwSzYqMK2SSWtsPgxyjkhoUTPK5Pygszymb0BHvO6toxm1ULteck2uXJCTVxh2FZJn+fVHSzNpZFrubGcWx3e4W4X9dv8D0PiqFygvkiq0GpYUkqMnizyQRhjOUM2coM8LtStiYGsrQkdmYEhdSj/Tcd1zCbQq7pnPbDINm+BxAFS7hCm4ghDt4gCdoQRsYJPAG796r9+F9rvhVvDXIC9iQ9/UL2o2Smw==</latexit><latexit sha1_base64="3kbmxNORypYKF65w/k+RyCK8qqg="></latexit><latexit sha1_base64="LKAoR5o+KssXjKUcDj8jmPyLssE="></latexit><latexit sha1_base64="SWzVafAf56InHpex7dBP+y9VI1I="></latexit><latexit sha1_base64="NSAM2tL8AFaDpD0PUjMl3dSDp9E="></latexit><latexit sha1_base64="NSAM2tL8AFaDpD0PUjMl3dSDp9E="></latexit><latexit sha1_base64="NSAM2tL8AFaDpD0PUjMl3dSDp9E="></latexit><latexit sha1_base64="NSAM2tL8AFaDpD0PUjMl3dSDp9E="></latexit><latexit sha1_base64="NSAM2tL8AFaDpD0PUjMl3dSDp9E="></latexit><latexit sha1_base64="NSAM2tL8AFaDpD0PUjMl3dSDp9E="></latexit>










<latexit sha1_base64="IuKIRz0c2SfSVUTPjbkOT508YVM="></latexit><latexit sha1_base64="IuKIRz0c2SfSVUTPjbkOT508YVM="></latexit><latexit sha1_base64="IuKIRz0c2SfSVUTPjbkOT508YVM="></latexit><latexit sha1_base64="pkji8KGoRjBMqJDo+8EgK75rOEM=">AAAB7XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwf5AO5RMJtOGZpIhuVMoY1/ArW/gTnwiX8DnMP1Z2NYDgcM5Cffmi3MpLAbBt1fZ2z84PKoe+yc1//TsvF7rWF0YxttMS216MbVcCsXbKFDyXm44zWLJu/HkcdF3p9xYodULznIeZXSkRCoYRRe1hvVG0AyWIrsmXJsGrDWs/wwSzYqMK2SSWtsPgxyjkhoUTPK5Pygszymb0BHvO6toxm1ULteck2uXJCTVxh2FZJn+fVHSzNpZFrubGcWx3e4W4X9dv8D0PiqFygvkiq0GpYUkqMnizyQRhjOUM2coM8LtStiYGsrQkdmYEhdSj/Tcd1zCbQq7pnPbDINm+BxAFS7hCm4ghDt4gCdoQRsYJPAG796r9+F9rvhVvDXIC9iQ9/UL2o2Smw==</latexit><latexit sha1_base64="B4aMOw7ZbUejkIb4FmE0Jk8TV+E="></latexit><latexit sha1_base64="NrLGxUQc+L8MDBYWbvFbeKVUZEI="></latexit><latexit sha1_base64="nZMjsLo6oXrfFNlIQtJRlmK/rfw="></latexit><latexit sha1_base64="IuKIRz0c2SfSVUTPjbkOT508YVM="></latexit><latexit sha1_base64="IuKIRz0c2SfSVUTPjbkOT508YVM="></latexit><latexit sha1_base64="IuKIRz0c2SfSVUTPjbkOT508YVM="></latexit><latexit sha1_base64="IuKIRz0c2SfSVUTPjbkOT508YVM="></latexit><latexit sha1_base64="IuKIRz0c2SfSVUTPjbkOT508YVM="></latexit><latexit sha1_base64="IuKIRz0c2SfSVUTPjbkOT508YVM="></latexit>












) MH± = MA
<latexit sha1_base64="89JHyQvahicnu7vSPpYtIRo5mG8="></latexit><latexit sha1_base64="89JHyQvahicnu7vSPpYtIRo5mG8="></latexit><latexit sha1_base64="89JHyQvahicnu7vSPpYtIRo5mG8="></latexit><latexit sha1_base64="89JHyQvahicnu7vSPpYtIRo5mG8="></latexit>
MH0 &MH2 .
<latexit sha1_base64="mMhllRWMWFwSMBchg8epzVPZuVE="></latexit><latexit sha1_base64="mMhllRWMWFwSMBchg8epzVPZuVE="></latexit><latexit sha1_base64="mMhllRWMWFwSMBchg8epzVPZuVE="></latexit><latexit sha1_base64="mMhllRWMWFwSMBchg8epzVPZuVE="></latexit>
arXiv: 1808.07927
H ⌘ H1
<latexit sha1_base64="tIoVxeVI+dUy02wQlQc0Jf12CUU="></latexit><latexit sha1_base64="tIoVxeVI+dUy02wQlQc0Jf12CUU="></latexit><latexit sha1_base64="tIoVxeVI+dUy02wQlQc0Jf12CUU="></latexit><latexit sha1_base64="tIoVxeVI+dUy02wQlQc0Jf12CUU="></latexit>
The aligned Higgs, 
A caution:  
This plot uses zeroth-

order masses. At 
large

there can be ~large



















Scalar Masses (full 1-loop)
tan  = 1 (insensitive)
MH± = MA = 400GeV (⇠ sensitive)
Note 10–70% MH2–MH0 di↵erence


















Scalar Masses (full 1-loop)
tan  = 1 (insensitive)
MH± = MA = 400GeV (⇠ sensitive)
Note 10–70% MH2–MH0 di↵erence











Scalar Mixing (full 1-loop)
arXiv: 1808.07927
arXiv: 1808.07927

















@µ (H1 sin    H2 cos   + iA)W+,µ   h.c.
⌘
















<latexit sha1_base64="wmqLzRiaflOkeMZYQ2v//UqiCKQ="></latexit><latexit sha1_base64="wmqLzRiaflOkeMZYQ2v//UqiCKQ="></latexit><latexit sha1_base64="wmqLzRiaflOkeMZYQ2v//UqiCKQ="></latexit><latexit sha1_base64="wmqLzRiaflOkeMZYQ2v//UqiCKQ="></latexit>
Note SM couplings of H1 for | | ⌧  


























mukūk 5uk   mdk d̄k 5dk   m`k ¯̀k 5`k
 
,
where V = CKM matrix.
<latexit sha1_base64="brja0I9NNnJ0u2zUtnAQsYHjBvY=">AAAWUHiclRjbbuPGVUmaNlVvm8abl7wMujDWgi4rceV0kcJAjEUaF7ULd5G1Uy8tgqJG0sS8aMmhdh1iPqy/kbc+9a1o/qBv6TlnhhQpkY5DWOZw5tzv5HTli0QOh/965933fvb+z3/xwS/bv/r1b377uwcf/v4iidLY4y+9yI/ir6duwn0R8pdSSJ9/vYq5G0x9fjm9eY7nl2seJyIKv5K3K34duItQzIXnSthyPtx7YYf8jR </latexit><latexit sha1_base64="brja0I9NNnJ0u2zUtnAQsYHjBvY=">AAAWUHiclRjbbuPGVUmaNlVvm8abl7wMujDWgi4rceV0kcJAjEUaF7ULd5G1Uy8tgqJG0sS8aMmhdh1iPqy/kbc+9a1o/qBv6TlnhhQpkY5DWOZw5tzv5HTli0QOh/965933fvb+z3/xwS/bv/r1b377uwcf/v4iidLY4y+9yI/ir6duwn0R8pdSSJ9/vYq5G0x9fjm9eY7nl2seJyIKv5K3K34duItQzIXnSthyPtx7YYf8jR </latexit><latexit sha1_base64="brja0I9NNnJ0u2zUtnAQsYHjBvY=">AAAWUHiclRjbbuPGVUmaNlVvm8abl7wMujDWgi4rceV0kcJAjEUaF7ULd5G1Uy8tgqJG0sS8aMmhdh1iPqy/kbc+9a1o/qBv6TlnhhQpkY5DWOZw5tzv5HTli0QOh/965933fvb+z3/xwS/bv/r1b377uwcf/v4iidLY4y+9yI/ir6duwn0R8pdSSJ9/vYq5G0x9fjm9eY7nl2seJyIKv5K3K34duItQzIXnSthyPtx7YYf8jR </latexit><latexit sha1_base64="brja0I9NNnJ0u2zUtnAQsYHjBvY=">AAAWUHiclRjbbuPGVUmaNlVvm8abl7wMujDWgi4rceV0kcJAjEUaF7ULd5G1Uy8tgqJG0sS8aMmhdh1iPqy/kbc+9a1o/qBv6TlnhhQpkY5DWOZw5tzv5HTli0QOh/965933fvb+z3/xwS/bv/r1b377uwcf/v4iidLY4y+9yI/ir6duwn0R8pdSSJ9/vYq5G0x9fjm9eY7nl2seJyIKv5K3K34duItQzIXnSthyPtx7YYf8jR </latexit>
Note SM couplings of H1 for | | ⌧  
<latexit sha1_base64="Kqgwo40Mex0/bqhpB3PfHjkzXNU="></latexit><latexit sha1_base64="Kqgwo40Mex0/bqhpB3PfHjkzXNU="></latexit><latexit sha1_base64="Kqgwo40Mex0/bqhpB3PfHjkzXNU="></latexit><latexit sha1_base64="Kqgwo40Mex0/bqhpB3PfHjkzXNU="></latexit>
Yukawa couplings of the Higgs bosons


























Precision EW constraints on tan 
<latexit sha1_base64="OO4gC5vfyyuCeHiu65WN7ggwtYQ="></latexit><latexit sha1_base64="OO4gC5vfyyuCeHiu65WN7ggwtYQ="></latexit><latexit sha1_base64="OO4gC5vfyyuCeHiu65WN7ggwtYQ="></latexit><latexit sha1_base64="OO4gC5vfyyuCeHiu65WN7ggwtYQ="></latexit>
Constraints from LEP and LHC
2 
<latexit sha1_base64="quBg4dyMqyRbgBsFEzMSEQBfDes="></latexit><latexit sha1_base64="quBg4dyMqyRbgBsFEzMSEQBfDes="></latexit><latexit sha1_base64="quBg4dyMqyRbgBsFEzMSEQBfDes="></latexit><latexit sha1_base64="quBg4dyMqyRbgBsFEzMSEQBfDes="></latexit>
2 
<latexit sha1_base64="quBg4dyMqyRbgBsFEzMSEQBfDes="></latexit><latexit sha1_base64="quBg4dyMqyRbgBsFEzMSEQBfDes="></latexit><latexit sha1_base64="quBg4dyMqyRbgBsFEzMSEQBfDes="></latexit><latexit sha1_base64="quBg4dyMqyRbgBsFEzMSEQBfDes="></latexit>
1 
<latexit sha1_base64="n6KZpY60uKdFsieiMQqbA5QZMl8="></latexit><latexit sha1_base64="n6KZpY60uKdFsieiMQqbA5QZMl8="></latexit><latexit sha1_base64="n6KZpY60uKdFsieiMQqbA5QZMl8="></latexit><latexit sha1_base64="n6KZpY60uKdFsieiMQqbA5QZMl8="></latexit>
1 
<latexit sha1_base64="n6KZpY60uKdFsieiMQqbA5QZMl8="></latexit><latexit sha1_base64="n6KZpY60uKdFsieiMQqbA5QZMl8="></latexit><latexit sha1_base64="n6KZpY60uKdFsieiMQqbA5QZMl8="></latexit><latexit sha1_base64="n6KZpY60uKdFsieiMQqbA5QZMl8="></latexit>
1 






















B(H+ ! tb̄) as function of MH+ and tan 
(MH+ = MA or MH0 ; B(H
+ ! tb̄) +B(H+ ! W+H 0/A) = 1)
<latexit sha1_base64="Gbbu7pgLxxCeZINGTSmNk1onPdQ="></latexit><latexit sha1_base64="Gbbu7pgLxxCeZINGTSmNk1onPdQ="></latexit><latexit sha1_base64="Gbbu7pgLxxCeZINGTSmNk1onPdQ="></latexit><latexit sha1_base64="Gbbu7pgLxxCeZINGTSmNk1onPdQ="></latexit>
(arXiv: 1808.07927)
Constraints from LEP and LHC
Constraints on tan 
<latexit sha1_base64="3fhdiX84dd40dtA2z2x4QPdedfw="></latexit><latexit sha1_base64="3fhdiX84dd40dtA2z2x4QPdedfw="></latexit><latexit sha1_base64="3fhdiX84dd40dtA2z2x4QPdedfw="></latexit><latexit sha1_base64="3fhdiX84dd40dtA2z2x4QPdedfw="></latexit>



























tan β from τ pairs
ATLAS                              JHEP 01 (2018) 055
tH
  ! tt̄b
<latexit sha1_base64="6kFNuM/p6/EAkakMDezWgtx7AoQ="></latexit><latexit sha1_base64="6kFNuM/p6/EAkakMDezWgtx7AoQ="></latexit><latexit sha1_base64="6kFNuM/p6/EAkakMDezWgtx7AoQ="></latexit><latexit sha1_base64="6kFNuM/p6/EAkakMDezWgtx7AoQ="></latexit>
gg ! H 0 ! ⌧+⌧ 
<latexit sha1_base64="3qpFQLLf9c6oC1uQG4xA1k3f6V8="></latexit><latexit sha1_base64="3qpFQLLf9c6oC1uQG4xA1k3f6V8="></latexit><latexit sha1_base64="3qpFQLLf9c6oC1uQG4xA1k3f6V8="></latexit><latexit sha1_base64="3qpFQLLf9c6oC1uQG4xA1k3f6V8="></latexit>
(Caveat: Low-mass H’ only!)
arXiv: 1808.07927
arXiv: 1808.07927
CMS                  JHEP 11 (2015) 018

Also, ATLAS arXiv:1808.03599







































(MH± = MA assumed)
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Targets of opportunity at the LHC
1.) Update the CMS 8TeV search for H+ ! tb̄ ! W+b̄b
via the process gb̄ ! t̄H+ and charge conjugate modes.
2.) Perform a dedicated search for gb̄ ! t̄H+ followed by
H
+ ! W+H2/A ! b̄b. (This final state is similar to 1),
but with resonant b̄b.
3.)Search for gluon fusion of H2/A ! b̄b, possibly with b̄b.
If MH2/A = 200  250 GeV, decay to ⌧+⌧  can be important, ⇠ 15%.
A(H2) ! ZH2(A) is also possible.
4.) If possible, search for gg ! A/H2 ! t̄t nearer t̄t threshold.
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Targets of opportunity at the LHC
1.) Update the CMS 8TeV search for H+ ! tb̄ ! W+b̄b
via the process gb̄ ! t̄H+ and charge conjugate modes.
2.) Perform a dedicated search for gb̄ ! t̄H+ followed by
H
+ ! W+H2/A ! b̄b. This final state is similar to 1),
but with resonant b̄b.
3.)Search for gluon fusion of H2/A ! b̄b, possibly with b̄b.
If MH2/A = 200  250 GeV, decay to ⌧+⌧  can be important, ⇠ 15%.
A(H2) ! ZH2(A) is also possible.
4.) If possible, search for gg ! A/H2 ! t̄t nearer t̄t threshold.
All the above modes have rates suppressed by tan2  
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Targets of opportunity at the LHC
1.) Update the CMS 8TeV search for H+ ! tb̄ ! W+b̄b
via the process gb̄ ! t̄H+ and charge conjugate modes.
2.) Perform a dedicated search for gb̄ ! t̄H+ followed by
H
+ ! W+H2/A ! b̄b. This final state is similar to 1),
but with resonant b̄b.
3.)Search for gluon fusion of H2/A ! b̄b, possibly with b̄b.
If MH2/A = 200  250 GeV, decay to ⌧+⌧  can be important, ⇠ 15%.
A(H2) ! ZH2(A) is also possible.
4.) If possible, search for gg ! A/H2 ! t̄t nearer t̄t threshold.
5.) If underlying dynamics of massless fermions and gauge bosons
create V0, there will be “⇢” ! VLVL, “a1” ! VLH.
The underlying energy scale is unknown, BUT LOOK!
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Targets of opportunity at the LHC








, AH2) ' 1  20 fb
Small, but unsuppressed by tan2  .
7.)  (gg ! A/H2 !   ) / tan
4
  . . . too small to see(?)




, ZZ is very small 
a second negative test of the model.
9.) Similarly, B(H2 ! HH) = O( 
2), too small to detect 
a third negative test of the model.
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Not the end
